Abstract
Introduction
Esophageal cancer (EC) is the eighth most common cancer worldwide and the sixth leading cause of death from cancer [1] . Squamous cell carcinoma (SCC) comprises about 80% of all ECs worldwide [2] . In China, SCC is the most common pathologic type of ECs, in contrast to the predominance of adenocarcinoma in the Western countries [3, 4] . There are important biologic differences between China and Western countries regarding ECs; therefore, a prognostic study that takes into account SCC in China is necessary.
Recently, systemic inflammatory response plays an important role in the progression of cancer [5, 6] . Previous studies have shown that serum C-reactive protein (CRP) influenced the prognosis in patients with gastrointestinal cancers [7] . Moreover, the Glasgow prognostic score (GPS) combines serum CRP and hypoalbuminemia and has been demonstrated to be a predictive factor in various cancers, including ECs [8] [9] [10] . In addition, there is an increasing evidence
that platelet count and neutrophil lymphocyte ratio (NLR) can be used for prognostication in several cancers [11, 12] . Recently, Ishizuka et al. [13] evaluated a novel inflammation-based prognostic system, termed as the combination of platelet count and NLR (COP-NLR). They demonstrated that COP-NLR is a useful predictor of postoperative survival in patients with colorectal cancer [13] . However, to the best of our knowledge, no studies regarding COP-NLR in patients with EC are available. Therefore, the aim of this study was to investigate and compare the prognostic values of COP-NLR and GPS in patients with esophageal squamous cell carcinoma (ESCC).
Methods

Patients
From January 2006 to December 2008, a retrospective analysis was conducted in 375 patients with ESCC who underwent curative esophagectomy at Zhejiang Cancer Hospital. All of the patients included in the analysis fit the following criteria: 1) ESCC confirmed by histopathology, 2) surgery with curative esophagectomy, 3) at least six lymph nodes were examined for pathologic diagnosis, and 4) surgery was neither preceded nor followed by adjuvant chemotherapy and/or radiotherapy.
On the basis of the medical records, the following data were collected for each patient: age, gender, laboratory examination, differentiation, tumor length and location, depth of invasion, nodal metastasis, and other miscellaneous characteristics. Ethical approval was obtained from the Ethical Committees of Zhejiang Cancer Hospital. All of the patients included in the study were staged according to the seventh edition of the American Joint Committee on Cancer Cancer Staging Manual [14] .
In our institute, patients were followed up in the outpatient department. X-ray or computed tomography of the chest was performed during the follow-up. As this study described the prognosis of patients with ESCC, therefore, a cancer-specific survival (CSS) analysis would be more appropriate. Therefore, the CSS was ascertained in this study. The last follow-up time was November 2011.
GPS and COP-NLR Evaluation
Routine laboratory measurements including the serum levels of CRP, albumin, and blood cell counts were extracted in a retrospective fashion from the medical records. GPS was calculated as follows: patients with elevated CRP (N 10 mg/l) and hypoalbuminemia (b 35 g/l) were assigned to GPS2. Patients with one or no abnormal value were assigned to GPS1 or GPS0, respectively [8] . COP-NLR was calculated as follows: patients with elevated platelet count level (N 300 × 10 9 /l) and NLR (N 3) were assigned to COP-NLR2. Patients with one or no abnormal value were assigned to COP-NLR1 or COP-NLR0, respectively [13] .
Statistical Analysis
Statistical evaluation was conducted with SPSS 17.0 (Chicago, IL). The Pearson Chi-squared test was used to determine the significance of differences. Correlation analysis was performed by Pearson and Spearman correlation analyses. CSS was calculated by the KaplanMeier method, and the difference was assessed by the log-rank test. A univariate analysis was used to examine the association between various prognostic predictors and CSS. Possible prognostic factors associated with CSS on univariate analysis were considered in a multivariable Cox proportional hazards regression analysis with the enter method. Moreover, the Akaike information criterion (AIC) and Bayesian information criteria (BIC) were used to identify the statistical model [15, 16] . AIC was defined as AIC = − 2log(maximum likelihood) + 2 × (the number of parameters in the model). BIC was defined as BIC = − 2log(maximum likelihood) + (the number of parameters in the model) × log(sample size). A smaller AIC or BIC value indicates a more desirable model for predicting the outcome. A P value less than .05 was considered to be statistically significant.
Results
Patient Characteristics
Among the 375 patients with ESCC, 49 (13.1%) were women and 326 (86.9%) were men. The mean age was 59.1 ± 7.8 years, with an age range from 36 to 80 years. All of the clinicopathologic characteristics were comparable between patients grouped by GPS and COP-NLR, as shown in Tables 1 and 2 . There were significant differences between the GPS and COP-NLR groups in tumor length (P b .001), depth of invasion (P b .001), and nodal metastasis (P b .001). In addition, an elevated COP-NLR was also associated with higher differentiation (P = .006).
Cancer-Specific Survival
The 5-year CSS was 38.1% in our study. The 5-year CSS in patients with GPS0, 1, and 2 was 50.0%, 27.0%, and 12.5%, respectively (GPS0 vs GPS1, P b .001; GPS1 vs GPS2, P = .035; Figure 1 ). The 5-year CSS in patients with COP-NLR0, 1, and 2 was 51.8%, 27.0%, and 11.6%, respectively (COP-NLR0 vs COP-NLR1, P b .001; COP-NLR1 vs COP-NLR2, P = .005; Figure 2 ).
Prognostic Factors
By univariate analysis, we found that seven clinicopathologic variables had significant associations with CSS (Table 3) . Then, all of 
the seven significant variables above were included in a multivariate Cox proportional hazards model. In that model, we demonstrated that both the GPS (P = .003) and the COP-NLR (P = .003) were significant independent predictors of CSS (Table 4 ). In addition, our study showed a similar hazard ratio (HR) between COP-NLR and GPS (HR = 1.394 vs HR = 1.367).
Correlation Analysis
There were significant positive correlations between COP-NLR and GPS (r = 0.494, P b .001). Our results showed significant negative correlations between CRP and albumin (r = − 0.300, P b .001; Figure 1 . The 5-year CSS in patients with GPS0, 1, and 2 was 50.0%, 27.0%, and 12.5%, respectively (GPS0 vs GPS1, P b .001; GPS1 vs GPS2, P = .035). The 5-year CSS in patients with COP-NLR0, 1, and 2 was 51.8%, 27.0%, and 11.6%, respectively (COP-NLR0 vs COP-NLR1, P b .001; COP-NLR1 vs COP-NLR2, P = .005). Figure 3A ), NLR and albumin (r = − 0.148, P = .004; Figure 3E ), and platelet count and albumin (r = − 0.210, P b .001; Figure 3F ). There were significant positive correlations between CRP and NLR (r = 0.157, P = .002; Figure 3B ) and CRP and platelet count (r = 0.138, P = .007; Figure 3C ). However, there were no correlation between NLR and platelet count (r = 0.079, P = .125; Figure 3D ).
AIC and BIC Analyses
AIC and BIC values were calculated by using logistic regression according to the survival status of patients when the follow-up was over. The AIC and BIC values were similar between COP-NLR and GPS, indicating that COP-NLR predicts survival in ESCC similar to GPS (Table 5) .
Discussion
There is strong linkage between inflammation and cancer [5, 6] .
In our study, we analyze the potential prognostic values of COP-NLR and GPS in ESCC patients without adjuvant chemoradiotherapy mainly because chemotherapy or radiation will have an important impact on the systemic inflammation. To the best of our knowledge, this is the first study to show COP-NLR as an independent prognostic factor in patients with ESCC. Our study showed that both GPS (P = .003) and COP-NLR (P = .003) were significantly associated with CSS in multivariate analysis. We conclude that COP-NLR is an independent predictive factor in patients with ESCC, and it predicts survival similar to GPS.
There are now a number of well-established systemic inflammationbased prognostic indexes for patients with EC. In particular, the GPS has been well validated. Several previous studies have shown that GPS is associated with survival in various cancers, including ECs [8] [9] [10] . Our study showed that GPS was associated with tumor size, depth of invasion, and nodal metastasis. This observation is in line with data from Vashist et al. [8] but is contrary to the result of Kobayashi et al. [9] , who suggested that GPS has no significant correlation with the above clinicopathologic factors. Moreover, our study demonstrated that COP-NLR is an independent predictive factor in patients with ESCC, and the result was consistent with previous studies [8, 9] . However, some of the previous reports using the GPS had several problems [17] [18] [19] . Therefore, the GPS may be considered insufficient for prognostication.
There is an increasing evidence that platelet count and NLR can be used for prognostication in patients with several types of cancer [11, 12] . Recently, Ishizuka et al. [13] showed that COP-NLR is considered to be a useful predictor of postoperative survival in patients with colorectal cancer. They showed that COP-NLR is easy to measure routinely because of its low cost and convenience [13] . Therefore, we conducted a study to determine whether COP-NLR is useful for predicting long-term survival in patients with ESCC. In our study, we demonstrated that COP-NLR (P = .003) was significantly associated with CSS. Moreover, our study showed a similar HR between COP-NLR and GPS. In addition, the AIC and BIC values were similar between COP-NLR and GPS, indicating that COP-NLR predicts survival in ESCC similar to GPS.
The potential limitations of the present study include the use of a retrospective analysis and the short duration of the mean follow-up duration. In addition, we excluded patients who had adjuvant chemotherapy and/or radiotherapy, which may have influenced our analysis. Furthermore, AIC and BIC values were not correct if follow-up differed between patients, and the results of the study should therefore be regarded with caution. Thus, larger prospective studies will need to be performed to confirm these preliminary results.
Conclusion
In summary, our study showed that both GPS and COP-NLR are associated with tumor progression and can be considered as independent markers in patients with ESCC. We conclude that COP-NLR predicts survival in ESCC similar to GPS. However, larger prospective studies will need to be performed to confirm these preliminary results. 
